The effectiveness of eHealth interventions varies greatly. Despite this, there has been relatively little formal consideration of how differences in the design of an intervention (i.e. how the content is delivered) may explain why some interventions are more effective than others. This review primarily examines the use of the Internet to provide educational and self-management interventions to promote health. The paper develops hypotheses about how the design of these interventions may be associated with outcomes. In total, 52 published reports from both a diversity and a representative sample were reviewed using techniques from Critical Interpretative Synthesis. Four core interactive design features were identified, which may mediate the effects of intervention design on outcomes: social context and support; contacts with intervention; tailoring; and self-management. A conceptual framework to summarise the design of eHealth interventions delivered using the Internet is proposed. The framework provides a guide for systematic research to identify the effects of specific design features on intervention outcomes and to identify the mechanisms underlying any effects. To optimise the design of eHealth interventions more work is needed to understand how and why these design features may affect intervention outcomes, and to investigate the optimal implementation and dosage of each design feature.
Introduction
The term 'eHealth' describes a range of information and communication technologies which are used to provide healthcare 1 , such as Internet or computer-based technologies, telemedicine, remote patient monitoring, electronic health records, and videoconferencing. This review will focus primarily on the use of the Internet to provide educational and selfmanagement interventions which support users and patients to change health-related behaviours. Using the Internet to deliver health interventions currently has a small but significant overall effect on behaviour. [2] [3] [4] However, the reported efficacy and effectiveness of individual interventions vary hugely. 5 Effectiveness may be improved by optimising the design of interventions, that is, the ways in which the content of an intervention is delivered.
There are already well established frameworks to guide development of the content of health interventions. [6] [7] [8] These need to be supplemented by frameworks to guide how that content should be delivered using digital communication technologies like the Internet. Existing frameworks have identified a range of design features which may influence users satisfaction and behaviour change. [8] [9] [10] [11] [12] However, these frameworks do not provide a comprehensive description of design features which can be used to deliver interventions and have not systematically examined how specific features contribute to outcomes.
The design features of published Internet-based health interventions are not always explicitly described nor systematically varied, which precludes definitive hypothesis testing of the effects of design features on outcomes. This review aims to develop a conceptual framework to define the range of design features which could be used to deliver the content of health interventions delivered using the Internet. The purpose of developing this conceptual framework is to permit analysis of how specific feature(s) of intervention design may influence health-related outcomes. We will develop hypotheses and questions about possible associations between intervention design and outcomes that should be addressed by future research. We used techniques from Critical Interpretive Synthesis (CIS), an approach to review that is well suited to the task of hypothesis generation.
Methods

CIS
13 provides an appropriate methodological alternative to Cochrane-style systematic review 14 when the literature is not suitable for meta-analysis. CIS uses techniques from qualitative research (e.g. diversity sampling, constant comparison, deviant case analysis, theoretical saturation 15 ) to guide a dynamic and iterative approach to the review process. CIS does not employ the conventional search processes of the systematic review (e.g. exhaustive searching for all available papers, rigid inclusion and exclusion criteria, quality assessments). Instead, the aim is to identify and select a diverse sample of papers to represent the variation found within the literature. To identify and compare the range of design features used to deliver Internet-based health interventions we collected a diversity sample, a theoretical sample, and a representative sample of papers (see Fig. 1 ).
Phase 1. Diversity Sampling
Aim. To select a sample of papers which used a diverse range of design features to deliver Internet-based health interventions. Exclusion criteria. Excluded were: computer-based interventions; interventions delivered solely by synchronous computer-mediated communication; interventions delivered by faceto-face contact; or interventions designed specifically to treat mental health disorders. These criteria ensured that diversity in the design of interventions was examined in a homogenous sample.
Search strategy. Studies were identified between June and September 2009 using electronic bibliographic databases: Ovid, ISI Web of Knowledge, Pubmed, Science Direct, Google scholar. Reference, related article and cited paper lists were checked for additional relevant studies. Search terms were: Internet; health; intervention; quantitative; behaviour; review; efficacy; evaluation; use. Sampling ceased when no substantially different design features were identified from including further papers, i.e. when saturation was achieved. 16 Twentyseven papers were included in the final diversity sample, reporting interventions for: physical activity [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] ; smoking cessation [30] [31] [32] [33] [34] ; weight [35] [36] [37] ; physical activity and nutrition 38 ; nutrition 39 ; chronic pain 40 ; dyspnea 41 ; arthritis 42 ; and breast cancer risk. 43 Four of these programmes contained telemedicine components. 30, 35, 40, 41 Review strategy. The design features used to deliver interventions were first identified. The associations between the presence of design features and intervention effectiveness were then examined, paying attention to possible reasons for variability in the effect of design features. The output for phase 1 was: the development of a conceptual framework to summarise the design features used in Internet-based interventions; the generation of hypotheses about the potential association between design features and intervention outcomes; and identification of research questions to address unresolved issues. In order to generate hypotheses, interventions were coded as more effective, less effective, or ineffective (see Table 1 ).
The diversity sample contained 15 more effective interventions, 18, 20, 21, [25] [26] [27] [28] [29] [30] [31] [34] [35] [36] [37] 41 11 less effective interventions, 17, 19, [22] [23] [24] 32, 33, [38] [39] [40] 42 one intervention reporting only process evaluations, 43 and no ineffective interventions.
Phase 2. Theoretical Sampling Aim. To clarify the classification of design features identified during phase 1 and provide further insight as to the possible reasons for variability in the effect of design features.
Search strategy. Search for papers was conducted in parallel but co-ordinated with reviewing the diversity sample. Twenty-three papers were identified comprising, four conceptual papers, [44] [45] [46] [47] four qualitative papers, [48] [49] [50] [51] five review papers ,4,52-55 six empirical studies not related to the evaluation of Internet-based health interventions, [56] [57] [58] [59] [60] [61] and four published guidelines for website design. [62] [63] [64] [65] Phase 3. Representative Sampling Aim. To 'test' the emerging conceptual framework by examining whether the hypotheses generated from phase 1 were consistent and generalisable.
Inclusion criteria and exclusion criteria. As for the diversity sample except that computerbased interventions or interventions delivered using synchronous computer-mediated communication were not excluded. These interventions were included to enable a more comprehensive test of the framework against a more representative sample of the literature.
Search strategy. Based on consultation with two experts in behaviour change interventions (SM) and eHealth (JP), two pre-defined sets of papers were sampled from two published systematic reviews. 66, 67 Twenty-five papers published between 2001 and 2005 were included, reporting interventions for: physical activity [68] [69] [70] [71] [72] ; dietary behaviour [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] ; and physical activity and dietary behaviour. [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] Fourteen papers reported Internet and email-based interventions, [68] [69] [70] [71] 75, 79, [81] [82] [83] [84] [85] [86] [87] [88] 90, 92 three of which contained telemedicine components [84] [85] [86] ; seven papers reported computer-based interventions 73, 74, 76, 78, 80, 89, 91 and two papers reported telemedicine interventions. 72, 77 Review strategy. To test the conceptual framework, interventions were reviewed to identify any additional design features not identified from the review of the diversity sample. The associations between the presence of design features and intervention effects were then examined. Interventions included in the representative sample were also coded as more effective, less effective and ineffective (see Table 1 ). 
Results
Eleven design features were identified from the review of the diversity sample (see Fig. 2 and Table 2 ). No additional features were identified from the review of the representative sample. The inner circle contains four interactive design features hypothesised to mediate intervention outcome. The outer circle contains eight features hypothesised to moderate the effects of the four interactive features.
The review presented here focuses on the four interactive features: social context and support, contacts with intervention, tailoring and self-management. The aim of this review was to generate hypotheses about the associations between the presence of specific design features and intervention outcomes, not to engage in definitive hypothesis testing. Table 3 summarises the hypotheses generated from the review of the diversity sample. Each of the four interactive design features are considered below, presenting: a) a description of how has each design feature is implemented; b) an examination of the associations of that feature with intervention outcomes in the diversity, theoretical and representative samples; and finally a summary of c) the hypotheses and d) research questions generated by the review.
Social Context and Support
Implementation. Features providing social context and support could be grouped into three sub-types: simulation of person-to-person interaction (e.g. automated dialogue, avatars) 17, 20, 21, 30, 34 ; provision of synchronous (e.g. chat rooms) 36, 41 or asynchronous (e.g. discussion forums) 18, 32, 34 ,421 mediated contact with other users; and provision of information about other users (e.g. social norms, vignettes). 24, 28, 32, 34, 42 Associations with outcomes. From the review of the diversity sample it appears that simulation of person-to-person interaction using automated dialogue is more effective than using avatars. Two interventions in the representative sample, one more effective and one less effective, reported using simulation of person-to-person interaction using digitised speech. 72, 77 This suggests that the use of digitised speech is not always associated with intervention effectiveness. Automated dialogue may be more effective than avatars for simulating person-to-person interaction because users expect more from a system that looks and behaves like a human than from an overtly automated system. Qualitative feedback from users does suggest that avatar-based systems are an unrealistic substitute for human interaction. 17 Current technology may not yet permit the development of systems sufficiently sophisticated to simulate real interaction. Users may also have differing preferences for interacting with human-like systems versus machine-like systems. 49 From the review of the diversity sample there appeared to be a positive association between peer-to-peer mediated communication and intervention outcome. However, while some studies reported that discussion forums and chat rooms were frequently used and helpful, 33, 34, 42 others reported infrequent use and few changes in perceptions of social support. 18, 37, 41 From the review of the representative sample, mediated communication with peers appeared to be used in both more and less effective interventions, but dissatisfaction with mediated communication did not appear to have adverse effects. 84 No effects were found for the use of synchronous and asynchronous peer-to-peer communication in a systematic review, 53 although this may be because the review was published in 2004, before the onset of web 2.0, when peer-to-peer communication was less widely used.
The effectiveness of mediated communication with peers appears to be variable and may depend on several factors including perceptions about the credibility of Internet-based peer advice, 44, 48, 50 perceived quality of interaction, 69, 86 and active user involvement, i.e. users involved in posting and responding to messages may benefit more than "lurkers". 37, 51 From the review of the representative sample, providing information about other users appeared to be associated with more effective interventions 78 whereas from the review of the diversity sample it was not. This may be because interventions from the diversity sample tended to include testimonials from hypothetical users, 24 while interventions from the representative sample included testimonials from real users. Expert-initiated contact could be grouped into two further sub-types: contact delivering behaviour change techniques (e.g. motivational emails) and contact promoting intervention usage (e.g. email reminders).
Associations with outcomes. Contacts delivering behaviour change techniques were more common in more effective interventions than in less effective interventions. 76, 81 Simple reminders were found to have a small effect on health behaviour in a recent systematic review 4 but were more common in less effective interventions. 77 "Ask the expert" services were used in both more and less effective interventions reviewed in the diversity sample. However, "ask the expert" services were not a common feature of more effective interventions reviewed in the representative sample, suggesting that this feature may not be an essential component for an effective intervention.
The effectiveness of contacts delivering behaviour change techniques may be influenced by several factors. There is some evidence that these contacts may only be effective for already engaged users of the intervention and may not engage 'new' or infrequent users. 22 They may also be subject to ceiling effects or context effects. Motivational emails provided to users who are already performing the desired behaviour at baseline are likely to be redundant. 28 Motivational emails provided within a work place context run the risk of being ignored in an already over-flowing inbox. 28, 42 Allowing users to choose to receive mobile phone or email reminders increased their perceived personal control over implementing their physical activity intentions. 21 Hypotheses. Contacts delivering behaviour change techniques may be more effective than simple reminders to use the intervention.
Research questions. Are contacts delivering behaviour change techniques (e.g. tailoring, social support, or goal reminders) more effective than those that do not? Why do userinitiated contacts such as "ask the expert" services appear to have little influence on intervention outcome? Do users prefer to seek advice from peers for some health behaviours e.g. smoking cessation? 33 How important are the characteristics of the "expert", the user and the health topic? 3. Tailoring Implementation. Tailoring is the provision of information relevant to one individual person 60 and can be based on theoretical constructs, behaviour, or demographic characteristics. 55 Associations with outcomes. Nearly all the studies used a tailored design, so no comparison could be made with non-tailored designs. The number of variables of individual constructs used to deliver tailoring did not appear to differ between more and less effective interventions reviewed in the representative sample. From the review of the diversity sample and in a systematic review of tailored print materials 55 information and advice appeared to be more effective if it was tailored to more than one variable. The effect of tailoring variables has been proposed to be hierarchical, i.e. tailoring based on theoretical constructs is more effective than tailoring based on behaviour, which is more effective than tailoring based on demographic characteristics. 55 Hypotheses. Tailoring based on greater numbers of variables may be more effective than tailoring based on just one variable.
Research questions. How should tailoring be implemented? What is the optimal balance between tailored and non-tailored information? Is tailoring more effective if users choose to receive it? Is tailoring effective because it enhances perceptions of personal relevance or because it resembles face-to-face interaction? 4. Self-management Implementation. Two types of self-management features were identified: activity planning and self-monitoring.
Associations with outcomes. The review of both the diversity and representative samples found that activity planning and self-monitoring were used in both more and less effective interventions. Self-management features appeared to be well-liked by users, 21, 27, 33 but recent evidence suggests they are not always frequently used. 18 This finding is unexpected as there is good evidence for the effectiveness of self-management strategies in contexts other than Internet-based interventions. 52, 54, 56 Recent meta-analyses have found that interventions which included self-monitoring components were significantly more effective, particularly when provided in conjunction with other components (e.g. goal setting and feedback on performance). 52, 54 A recent meta-analysis of interventions delivered using the Internet reported that goal setting and action planning had a significant impact on behaviour, but self-monitoring did not. 4 Published intervention protocols often do not specify how activity was planned, what behaviours were monitored or how behaviour was monitored, which makes it difficult to explain when and why these techniques may be effective or ineffective. These mixed findings may reflect qualitative differences between the processes of activity planning versus self-monitoring. The latter may require more intensive and sustained effort, which may benefit from human interaction and support.
Hypotheses. Self-management strategies that include behaviour change techniques theoretically predicted to function synergistically will be more effective than those omitting theoretically relevant techniques.
Research questions.
What makes self-management features effective? Are these features more effective when they are structured (e.g. users choose from pre-defined options) or unstructured? How important is providing feedback on activity planning and self-monitoring? Is activity planning more effective than self-monitoring?
Discussion
This review used techniques from Critical Interpretive Synthesis to develop a conceptual framework summarising the design of Internet-based health interventions. The framework proposes that four interactive design features mediate intervention outcomes: social context and support; contacts with intervention; tailoring; and self-management. It is hypothesised that interventions may be associated with more positive outcomes if they provide: social support using automated dialogue, peer-to-peer mediated communication or information about other real users; additional contacts which incorporate behaviour change techniques; and tailoring based on combinations of variables. Further research is needed to understand the effects of user-initiated "ask the expert" services and self-management features. These design features are not specific to Internet-based health interventions. Therefore the hypotheses and questions generated by this review may also have implications for the delivery of other eHealth and telemedicine applications such as remote patient monitoring, telepsychiatry, home health care and decision support tools.
The conceptual framework includes some of the design features proposed in existing frameworks [9] [10] [11] [12] e.g. tailoring, self-monitoring, aesthetics, credibility, usability and information architecture. However, the framework also includes new features not defined within existing frameworks e.g. social context and support and contacts with intervention. The conceptual framework proposed in this review goes beyond existing frameworks by specifying which design features contribute to 'interactivity' and by developing hypotheses about how these interactive features may influence health-related outcomes.
The aim of this review was to provide a detailed critical analysis of a diverse and representative sample of the literature, rather than an exhaustive systematic review of all Internet-based health interventions. The hypotheses and framework proposed do not represent all possible interpretations but present one potentially useful perspective. Analysis of intervention design was limited by the level of detail provided by authors. The literature could benefit from more explicit reporting of the development and implementation of interventions 93 and/or the sharing of intervention details. 94 It is likely that factors other than intervention design (e.g. quality of theoretical content) will also have important effects on intervention outcome. Since few ineffective interventions could be identified an important comparison group was missing. To fully understand effective intervention design there is a real need to publish reports on both effective and ineffective interventions.
Improving our understanding about how the design of eHealth interventions promotes optimal outcomes will help these interventions to realize their full potential. Further research is needed to understand how and why specific design features may affect intervention outcome by addressing the questions generated from this review. Systematic quantitative approaches 95 can be used to identify what dosage and combination of features will produce optimal intervention outcomes. Furthering our understanding of which design features add to or take away from intervention effectiveness will also help researchers and practitioners to decide if, when and how the Internet or other eHealth technologies will be the most effective mode of delivery for a given intervention. Access to information and navigation through the intervention 45 Program exposure The length of time a user is entitled to engage with the intervention  Tailoring based on more than one variable (e.g. theoretical, behavioural or demographic) 20, 21, 28, 29, 33, 35, 41  Tailoring based on a large and varied number of constructs (e.g. several theoretical constructs) 18, 20, 29, 30, 34, 36 Design features associated with less EFFECTIVE interventions  Use of avatars 17  Providing information about other users 24, 39  Additional contacts containing usage promotion techniques 29 Design features not associated with intervention INEFFECTIVENESS  "Ask the expert" components  Activity planning  Self-monitoring 
Interactivity
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